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Abstract

:

Cities play a key role in driving the transition to sustainable energy. Urban areas represent between 60% and 80% of global energy consumption and are a significant source of CO2 emissions, making energy management at the urban scale an important area of research. Urban energy systems have a strong influence on the environment, economy, social dimensions and urban spatial planning. Energy consumption affects the urban microclimate, urban comfort, human health, and conversely, urban physical, economic and social characteristics affect the energy urban profile. In order to improve the quality of energy strategies, policies, and plans, local authorities need decision support tools, like energy potential mapping, which have risen significance in the last decades. Energy data are crucial for those tools. They can increase the quality and effectiveness of energy planning but also support the integration between energy and spatial planning. Energy data can also stimulate citizen engagement as well as encourage sustainable behaviours and CO2 emission reduction. This paper aims to increase the practice of data-aware planning, through the study of problems in energy data acquisition and processing observed in European projects focused on developing energy mapping tools. The problems observed attend to two main areas: technical and socio-economic issues. Those were derived from a comparison of energy mapping tools, and the work conducted for the PLANHEAT development. The scope of the research is to understand the main recurring issues in energy data acquisition and processing, in order to overcome the barriers in data availability. Increasing awareness of the relevance of energy data can foster the use of energy mapping tools, increasing the quality of energy policies and planning.
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1. Introduction


Human society is facing an unprecedented challenge. The extended use of fossil fuels as a source of CO2 emissions has been the main driver of global climate change, and the built environment is playing a significant part in this. Changing urban planning practices is considered a primary component of the pathways towards climate mitigation [1,2]. In order to plan for the transition towards residual and renewable energy within this built environment, the nature of the urban fabric and local circumstances are highly important, yet often poorly mapped and quantified.



The availability of open data [3] contributes to the political, social and economic development of a country. Public administrations are often not aware of the value data can bring to societies, quality of life, environmental protection and energy turn. In order to accomplish this, data must be available, accessible, user-friendly, and reusable [4,5]. In this sense, energy data (e.g, data about energy demand and local renewable energy sources) are crucial to innovate and increase the efficacy of urban energy policy and urban energy planning.



The urgency of countering climate change [1] spurs local governments to define their energy strategies, emission targets, as well as sustainability agendas, spurs local governments to define their energy strategies, emission targets, as well as sustainability agendas, but in many cases, these are lists of well-meant intentions, rather than operative actions, and not easy to translate into specific interventions. The reason behind this is that urban energy policies are not directly based on real data and information, but on top-down, aggregated estimations of the city energy profile (i.e., the urban energy performance in terms of energy demand, energy local sources, and the future trend of energy demand and supply). The city energy profile is however strongly related to urban shape, geometry and physical characteristics [6,7,8,9,10,11]. Energy demand and energy sources are rarely distributed homogenously within the city. Some areas show high energy consumption, and waste, whereas others exhibit energy poverty issues; and there are areas with high resource availability, while in others, locally available resources cannot satisfy the demand [12].



Many studies [7,8,13,14,15] show that, in the long term, the most suitable opportunities to influence energy consumption and the related CO2 emissions are represented by the decisions taken in the field of urban planning. These decisions concern the land use, the design of public and private mobility, the urban waste system (i.e., collection and recycling process), the water system (i.e., supply and water treatment), the energy production from renewable sources (Spatial planners must find optimal locations for windmills, biomass and solar power plants as well as energy storage systems. At the same time conflicts with competing uses and the environment have to be minimized.) and its distribution; the green system and of course the design of buildings. The irregular spatial distribution of energy demand and supply sources within cities show a need for understanding the different relationships between energy and urban characteristics. These considerations find in the urban energy map a tool able to give effective support to the decision-making and planning process [11,16,17].



Energy mapping tools can give a spatial dimension to the energy issue and provide a means of understanding the relationships between urban and energy factors. The energy map aims to clarify the characteristics of a specific energy pattern (demand, supply, production and distribution), through the spatial visualization of energy data, which can support “informed” interventions, suggest strategies, and identify priorities and the most suitable locations for energy district developments. The energy map may be also a good basis to trigger an informed debate on the choices to take: an ideal catalyst for discussions and for defining shared objectives.



The term “energy mapping” is not officially defined, and because of the complexity of the subject, encompasses a wide range of implementations. Over the last decade, cities have developed different tools to increase their capacity to evaluate the availability of renewable energy sources (such as solar maps, geothermal maps) connected to the energy consumption and demand (heating and cooling maps). Several techniques, methods and objectives have been developed, some only in empirical form, others have been coded at the operational level, identifying steps of implementation [11,13,18].



All of these rely on sufficient availability of (geo) data. The literature on energy mapping instruments [11,13,16,19,20,21,22,23] offers a summary of the variables that an energy map should contain and integrate: the spatial distribution of the energy demand (electricity and heating/cooling energy demand); the spatial distribution of population; the land use; the characteristics of the building stock (use, year of construction, height of buildings, etc.); polluting emissions resulting from energy consumption; the spatial distribution of RES (Renewable Energy Sources, such as solar, solar thermal, wind, both in-land and off-shore, hydroelectric, geothermal, from biomass, from reconversion of excess heat, from waste-to-energy, etc.); heating degree hours (HDH); the presence and location of anchor loads; the design of energy grids; the location and size of expansion plans (residential, commercial, etc.); some specific barriers such as the presence of protected areas (frequently in the heritage and ecology categories); the mobility system; and possibly socio-economic indicators to identify the poorest or most degraded areas.



The innovative nature and the benefits of using an energy mapping tool have not necessarily resulted in swift implementation. One of the main difficulties is a lack of suitable data, that is also available to the urban planner. Access to energy data is essential to developing the appropriate tools and improve the ability to make decisions that merge physical-spatial issues with energy-environmental ones. “Making urban data accessible” is therefore becoming a fundamental prerequisite for urban innovation [24], and for increasing the quality of energy-related policies. Energy data should be accurate and based on real acquisition (in order to reduce the inaccuracies associated with estimation), geospatially referenced, and measured at short temporal intervals over at least a year (in order to account for both peaks and seasonal fluctuations).



Fortunately, the digital revolution is offering significant perspectives in terms of data acquisition, processing and use, providing new opportunities for urban investigation. New technologies improve the ability to analyse the urban energy profile (for instance smart meters–now also available for gas consumption), and can allow for a very detailed and real-time view of consumption (but also the use of mobile devices-mobile phones, tablets, etc.–for recording consumption and citizen habits, able to influence also people behaviour).



Aims and Objectives


This study builds upon the work conducted during the Horizon 2020 funded European PLANHEAT project, which started in 2016 [22]. The main objective of PLANHEAT is to develop an integrated tool, a potential energy map, which will empower public authorities (cities and regions) in the development of sustainable energy plans, with a special focus on distributed heat (cold) networks and energy district design. The PLANHEAT tool supports local authorities by providing:




	
thermal energy (heat and cold) demand mapping;



	
local potential mapping for distributed low carbon energy sources;



	
forecasted demand mapping;



	
a planning tool for defining scenarios which will be sustainable, feasible, and environmentally friendly based on the usage of renewable energy sources (as well as highly efficient cogeneration and district heating);



	
a tool to understand the interactions of planned scenarios with already existing infrastructure such as district heating, gas and electricity networks and transport sector, etc.;



	
a simulation module that calculates demand, supply and storage behaviour over a year and provides data on technical, environmental, economic and social impacts;



	
a scenario evaluation instrument which allows for both a baseline and user defined scenario comparison [25]








Both the development of the PLANHEAT toolkit and its use require collecting energy related data. Thus, an assessment was made early on in the project, in order to discover the main issues related to the availability and quality of these types of data (both open and internal/proprietary data), as experienced by the toolkit’s intended end users [25]. Through questionnaires and interviews, 26 cities in 8 countries (France, Belgium, Italy, Greece, Netherlands, Hungary, Croatia, and Spain) were asked to evaluate the rate of data openness in 7 data categories: heat demand, heat supply, transport sector, census information, energy audits, knowledge and motivation, and finally, the connection of local and national plans. The results showed that every country involved has more than 50% of the types of data considered available publicly [18,19,20,21,22,23,24,25], however local authorities highlighted structural difficulties in reaching and using these data [25]. Even if datasets exist, getting the required data (for example when the data owner is another stakeholder) sometimes proves difficult, and they may require processing or interpreting if the data was recorded for different purposes.



These results bring forward the need of investigating in greater detail the reasons behind those difficulties, with the aim of increasing the capacity of PLANHEAT to provide a useful toolkit and increase its usability by municipalities with varying levels of access to energy data. Thus, other projects with similar goals were analysed, with the aim to understand which type of data they used, how they collected them and which problems they had to deal with. The comparison between the difficulties emerged in these projects those that emerged in the PLANHEAT interviews made it possible to find similarities and common issues useful to determinate the main barriers in developing and using energy maps.



The scope of this paper is to understand the nature of commonly recurring problems in accessing and processing energy data. These problems can limit the usability of energy mapping tools by local authorities. Identifying the main issues assists in making these instruments more adaptable and therefore more effective, in terms of supporting energy turn and the decision-making process. Furthermore, this can also help improve the normative framework related to open data policies, and the elaboration of data standards and licenses for publication, which in turn may increase the future availability of suitable energy data.





2. Materials and Methods


This paper points out two main problems related to energy data availability and usability: technical issues (spatial and temporal resolution) and socio-economic issues (privacy, financial costs, ownership, concurrence, etc.). These two categories of problems raise from (1) the interviews conducted during the preliminary phase of the PLANHEAT project [25] and (2) from a comparative analysis of energy mapping projects and experiences, listed in Table 1.



In order to have a better understanding of the shared and common difficulties occurring in the energy data access and processing for developing energy maps, both a literature review and a study on European projects have been conducted. The intention of studying projects only in Europe comes from the need to remain under the same normative energy efficiency and data legislation. The literature review is built based on material collected through searching scholarly databases, mainly Scopus.com and Sciencedirect.com, using keywords including: “Urban energy maps”; “Urban energy mapping tools”; “Urban energy atlas”; “Energy web maps”; “Energy decision-support tools”. For the selection of EU (European Union) projects, the research has been conducted on the European Commission web site, which collects all projects funded by topic. At the section Intelligent energy Europe, the projects have been selected in the categories: “Energy efficiency”; “Integrated initiatives”; “Heating and cooling” (https://ec.europa.eu/energy/intelligent/projects/). From this initial, wide range of energy mapping projects (EU projects and academic/institution ones) related to urban energy mapping tools, a selection was made of those deemed most suitable for comparison, from the perspective of evaluating the difficulties in collecting and processing data, as shown in Table 1. These projects provided sufficient information on the applied methodologies, the type of data used, and the results achieved for evaluation. Other projects found did not allow sufficient in-depth study for the analysis conducted, either because data collection was not a significant element, or because the underlying model is proprietary.



For each project, an analysis was made of the aim and type of the project; the steps of implementation; its status (ongoing, ended); the type of tool developed and its usability; the spatial scale(s) used; and the type of (geo) data used. The study focuses on building bound energy data availability and processing, intending to raise the most recurring problems, which can reduce the implementation of energy potential maps by local authorities. The aim of the paper is to increase data-aware planning and policy-making in the field of energy planning and urban energy policies, by identifying opportunities and solutions for problems with data acquisition and processing. This helps to improve the effectiveness of energy mapping tools and makes their usage more affordable for the large number of smaller local authorities.



In the majority of these projects either open data is used, but the level of detail is low (city/region/country), or the detail level is high (below city level), but the user is required to input significant amounts of private data to get to the planning stage.




3. Energy Planning Data: An Overview of Problems and Issues


Although all these projects are intended for energy planning, and supporting local and regional authorities, their specific implementation varies. In some cases the end result was an energy atlas, in others a spatial and/or quantitative decision support tool for the built environment. They do all share a requirement for and ability to use (geo) data in order to provide their potentials and assessments.



Furthermore, they benefit from more accurate data to be able to represent the real energy profile of the city [12,26,27,40]. Open energy data can create both economic as well as social value [5]. Those are largely driven by the level of openness and the cost of availability.



The first step for increasing the energy relevance into a planning process is the definition of which energy data are relevant at which steps and phases [26,41]. It allows more directed collection of data and avoids loss of time and resources. The second step should be a general overview of data owners and stakeholders. It is necessary to clarify which stakeholders are crucial for which elements [42], to increase the participation and understand which type of data is available and who can provide them (private bodies, public offices, European or international agencies). If the data needed are still not available, local authorities could consider building a new dataset. This process incurs a cost however, which may be a significant hurdle for small organisations.



In most cases, energy related datasets are available [43]. Municipalities, for example, have data about the floor space, year of construction, and building function (office, residential etc.). Energy and infrastructure companies have billing data that refers to the energy consumption of their clients. Standard renewable energy potentials, like for example solar (photovoltaic or thermal), are increasingly available at a high detail level due to their relatively low input requirements. In this case it is possible to use information on roof surface, slope and orientation, all covered by a high-resolution DEM that is an open-source dataset, with solar radiation data acquired from meteorological institutes (usually available as open data) to calculate roof potential [25].



However, in many cases, the use of datasets faces several challenges. From the comparative study of energy mapping and energy analysis tools (Table 1) we discovered two main categories of data acquisition problems:




	
Technical issues: spatial resolution and temporal resolution problems;



	
Socio-economic issues: privacy and data ownership; the financial cost of collecting and processing data, market competition, awareness.








3.1. Technical Issues


As the process of urban energy planning is relatively new, most of the relevant data has been collected for other purposes. Because of this, the exact definition of the values represented in the dataset determines if, and if so, how suitable these are for energy planning purposes.



Furthermore, available data are usually only (publicly) released in an aggregated form, if at all. This applies both to spatial and temporal aspects.



3.1.1. Spatial Resolution


An issue that was frequently encountered with geospatial dataset availability during the PLANHEAT project, is that either the spatial resolution is too low for suitable projection or further analysis, or that only a single figure is available for the area under consideration.



An example is open data on residential building gas consumption in the Netherlands, which is collected by energy supply companies (ESCOs) and made available publicly in aggregated form at the neighbourhood level, through Statistics Netherlands (CBS) [25]. As a result of privacy regulations, figures in some neighbourhoods were also occasionally reported as censored (‘afgeschermd’) when the number of houses or companies fell below a threshold. Experiences in other countries have been mixed, where sometimes the local ESCO did not provide even aggregated numbers at all, reportedly for competitive or political reasons. Section 3.2 goes into greater detail on this and other socio-economic issues.



Data may also not be available in the same type of spatial division. Statistics agencies for example tend to collect their data using administrative divisions, whereas energy supply potential maps may be based on environmental data which uses rasters. Although GIS (Geographic Information System) software allows these to be projected over one another, using different source formats may introduce additional inaccuracies during both the analysis and subsequent processing steps.



A low spatial resolution may also frustrate the analysis of demand and supply geodata and matching of sources and sinks, especially if there is a strong relation with the urban fabric for the categories under consideration. Although a planner would be able to use low resolution data to do an initial, fast assessment of the possibilities in their city, designing energy transition plans requires not only (geo)data on demand, retrofitting (i.e., demand reduction), and (residual and renewable) supply potentials, but also on the possibilities of existing, and space for new, infrastructure.



In some cases, commercial organisations provide high resolution energy potential maps themselves. For the same competitive reasons mentioned however they are rarely transparent about the exact calculation steps followed in order to produce the values displayed and may include internal assessments on suitability and cost that deviate from the considerations of other users. A lack of transparency decreases the level of confidence of these datasets in itself.




3.1.2. Temporal Resolution


A second issue is with the available temporal resolution. Datasets encountered during the PLANHEAT project that were suitable for energy planning, were usually either geospatial (annual figures) or temporal (for one or few buildings or areas) in nature, however rarely both (the one notable exception within the project being 1 to 5 km2 resolution environmental satellite data, used for surface water potentials).



For mapping and planning purposes, annual data are usually sufficient, as at this stage of the planning process, quantities and concentrations are more important than temporal patterns. However, the fluctuating nature of both demand and some forms of residual and renewable energy supply might mean that the total potential figures require more than simply providing sufficient generation capacity, as there may be periods where supply vastly outpaces demand requirements (therefore effectively losing available energy), or conversely, demand outpaces supply.



An annual simulation can therefore be run to consider the impact of an energy transition plan. This however requires high resolution temporal, rather than spatial data for the components that are part of the planned energy system, in order to determine if these components are dimensioned to cope with both mismatches and peaks in demand and supply. As with high resolution spatial data, suitable high-resolution temporal data (at the hourly or smaller level) is frequently not available publicly in some cases, or at all in others.



More than with the spatial dimension, the technical and privacy considerations of data acquisition can be an issue here. Registering an hourly profile for household electricity demand over a year firstly requires the presence of a smart meter, and secondly permission of the household to read and store more than just the annual balance (which is required for billing purposes, the primary reason an electricity meter is installed). Accurately assessing the residual heat potential of an industrial process requires both temperature and volume monitoring, especially when used in a simulation. Even if monitoring is already active, commercial entities may be reluctant to (publicly or privately) release these figures, because they might subsequently be analysed by competitors.





3.2. Socio-Economic Issues


The analysis conducted on the PLANHEAT interviews’ results and the literature review (European and academic researches related to energy mapping tools) highlights several socio-economic difficulties in dealing with energy data: data ownership and privacy, market competition, irregular updating of datasets, discrepancies between data formats, problems of data aggregation and disaggregation, public administration incapacity to treat and process data. Privacy (Article 8 of the Charter of Fundamental Rights of the European Union and Article 16 of the Treaty on the functioning of the European Union guarantee the protection of personal data. This means that acquisition, transfer and publication of personally identifiable data are subject to restrictions [44].) is always mentioned as one of the key challenges. The EU has several framework policies that protect the privacy of individuals (for instance the new GDPR (General Data Protection Regulation) directive in 2018 [45]), and therefore provide barriers both in the acquisition, transfer between actors (sometimes even between departments within the same civil authority) and publication [25]. When using statistical division-based datasets, sometimes even neighbourhoods and districts may cause confidentiality or privacy issues, if very few addresses are located there. For privacy issues in publication, a simple solution is available: aggregation, which can provide acceptable anonymity. But data aggregation may also reduce the quality of the final output. In many cases, local authorities possess data at a low spatial resolution, for example, city level energy consumption (or even regional scale statistical data). In this case a disaggregation process, using spatial indicators (like city cadastre or land use), would be needed to estimate the spatial distribution of energy consumption in the city.



Energy data are often in the hands of actors who may be unwilling to share it (energy companies, other private companies that for some reasons collect useful data). The competitive market is also a challenge when publishing open data is seen as potentially disadvantageous for companies. Sometimes (commercial) energy companies may have relevant data, but either do not provide this at all or only share at a low resolution, unsuitable for planning purposes. In the case is possible to run into problems of data combining and harmonization, because datasets come from different data owners, with different standards and aggregation methods, due to the liberalization of the energy production and sales market.



Sometimes new data acquisition is needed. The cost of creating and publishing datasets is high and take a long time. Understanding which types of data are available makes it easier to discover which data are missing, so data collection efforts can be specifically targeted for these, avoiding extra costs. Interviewing suitable stakeholders is also useful, especially when data collection projects are already planned, and the user simply must wait for it to become available. In this case, it will be more about cooperation than the associated cost.



Therefore, sometimes useful information might be derived from unexpected sources, and communicate any benefits coming from data sharing is beneficial to make it more interesting for companies to cooperate.



A lack of awareness is also a key challenge. The difficulty of accessing energy data is connected to the complexity of the energy production and supply system, increased with the liberalization of the energy market and the entry of different and new stakeholders. Commercial companies often have little interest in processing and sharing data. Public administrations have huge difficulties in managing data, as a result of differing standards and aggregation methods used by the operators. Municipalities and commercial companies are also not motivated and incentivised, and sometimes not aware of the potential benefits of sharing their energy data. When data owners are not aware of the potential value and the possibilities of open energy data to themselves, the step towards publishing their data is not likely to happen [5]. Now commercial companies (especially related to the energy market) see the opening of energy data as an added cost, without any benefit. The benefits of opening data would become much clearer if there would be direct incentives (financial incentives, government support) for private parties to publish energy data.



Lastly, data quality (including age) and the completeness of datasets is also crucial. Inaccurate or incomplete datasets can lead to misinterpretation and liability issues. For example, final consumption data that is a decade old may not be representative anymore, as not just the size and thermal efficiency of the building stock may have changed, but internal heat load (for example more electronics) and user habits will be different as well.



An interesting element from the Scotland heat map [28] is the methodology used to classify the quality of collected data: the confidence level. Data are categorized respect the level of detail provided. The confidence level 5—the most accurate one—represents data with high resolution, for example, data that come from the family bills. Meanwhile, at confidence level 1, there is the footprint of buildings from which to estimate or disaggregate the urban energy consumption. The goal of the Scotland heat map is to increase over time the quality of all the data collected, to obtain a real representation of the energy profile of the Scottish territory as accurately as possible [28].



Other problems linked to the quality of data are related to consumption habits and certain energy carriers. In some regions, part of the heat demand is fulfilled with unmetered sources, for example, wood (pellets) or fuel oil. The use of electric resistance heating means that some heat demand is effectively concealed as electricity consumption. This also applies to cooling, which is largely supplied by air conditioning. Cities where cooling demand plays a significant role or is expected to in the future because of climate change, are lacking methods to extract actual cooling demand from the data they have [25].



Finally, the lack of a governance framework, guidance, and regulation specifically on open energy data may also form a problem.





4. PLANHEAT: Using Public Open Data to Overcome Problems in Data Acquisition


Addressing the issues with data availability forms the basis of the PLANHEAT project [25]. In this Horizon 2020 funded project, a toolkit was developed that both integrates a wide range of open datasets and allows the user to replace these with higher resolution private data, and add own data for which there is no public substitute yet.



The PLANHEAT integrated toolkit is open source and QGIS3-based. The use of GIS software is becoming commonplace in urban planning practices but requires significant amounts of high-resolution data in order to produce useful results. A Heat/Cold (HC) potential map, as in this case, needs a large amount of data (geospatial, temporal and other), which municipalities may not have or cannot use. The main innovation of the PLANHEAT toolkit is that it can produce useful results, even if a local administration only has a limited amount of information available. Conversely, the same toolkit can use rich datasets as well, in order to be attractive for large metropolitan areas, where detailed data is frequently available to produce more accurate maps, plans and simulations. The objective of PLANHEAT is to offer a support tool, based as much as possible on public and open databases, for example, European ones, automatically loaded in the device settings. Initiatives like the EU Open Data Portal [13] aim to unlock data already collected by governments and institutions free of charge and without copyright. The PLANHEAT toolkit only asks for a relatively small amount of initial information from municipalities, like the municipal and district boundaries, the location of monuments or historic buildings with high cultural and aesthetic value, or particular consumption habits or resources used. Municipalities can replace the data provided in the toolkit when more detailed local data becomes available, in order to increase the accuracy of the results. The ability to use generic data at a lower detail level makes it possible to get started quickly without having to spend significant effort on data collecting. This will also reveal which layers to concentrate efforts for additional data collection, and which ones can be investigated later. For example, a map coming from the disaggregation process based on NUTS3 datasets (Nomenclature of territorial units for statistics) will allow visualizing the peaks of demand or the greatest territorial potentialities, which represents a crucial starting point for increasing the quality of urban energy strategies and planning.



The PLANHEAT tool consists of three modules: the mapping module (mapping local demand and supply sources), the planning module (plan new scenarios based on residual and renewable energy sources), and the simulation module (simulation of the new scenarios and Key Performance Indicator (KPI) evaluation). At the side of the energy consumption and supply mapping module, the tool provides two approaches.



The first one is the City Mapping Module (CMM), which applies a top-down or disaggregation method (Figure 1) [16,22,23]. For this method, the input required from the user is very limited. Only aggregated final consumption figures (GWh, Gigawatthour) per sector are required, and the boundary or boundaries to which they apply (city, districts). Subdivision within each boundary is made by applying the appropriate geospatial indicator, some of which are available directly through the PLANHEAT web database. Examples of geospatial indicators are the CORINE land use map (Coordination of Information on the Environment) and OpenStreetMap (specifically building footprints) [22].



The second one, the District Mapping Module (DMM), uses a bottom-up approach (aggregation, [16,22,23], Figure 1), by deriving heat demand from building characteristics (Table 2). Although more complicated, it provides two calculation routes: ‘complete’, which requires 11 variables and ‘simplified’, which will be less accurate, but requires only little input (a unique identifier for each building; gross floor area; age and use of each building) (Table 2) [22] shows a comparison between the input data for the ‘complete’ and ‘simplified’ methods. Both methods result in individual building values for use by the simulation module, that can also be aggregated for mapping purposes.



The DMM was tested on a district close to Lecce, Italy, where little data was available. With this tool was possible determinate the district energy demand and identify opportunities for developing energy strategies based on RES and alternative energy resources. The validation test was incredibly useful for supporting the planning activity of the municipality.



On the supply side, both environmental and anthropogenic sources were included. Input data can be divided into technical parameters and geospatial indicators. An example is residual heat from wastewater treatment plants (WWTPs), for which the European Environment Agency had a base dataset that covered the EU28 [46,47]. Input data used are shown in Table 3.



Although explicit levels of confidence were not implemented project wide, because in many cases a single data flow and corresponding continentally uniform dataset was chosen, the sewage heat recovery dataset contains two Confidence Levels (CLs). Measured flow is not available for some facilities, therefore residual heat potential was in some cases estimated based on capacity multiplied by the average national load (see Table 3), and therefore assigned a lower CL [14]. In future versions of the tool, which may contain a wider range of (higher or lower input data resolution) calculation methods catering to specific European regions, this feature will likely be expanded upon.



The full list of input data used in the PLANHEAT project is extensive, and can be found in the reports released by the project [16,18,22,24,46,47]. These represent a balance between accuracy, public availability, and full coverage of the EU28, and can be accessed through the PLANHEAT web database.



Experiences gained during the PLANHEAT project show that is possible to start an energy mapping process with relatively little data input. This opportunity is crucial for data-aware planning and to support policy-making both from an energetic and spatial perspective.




5. Conclusions and Recommendations


The energy transition will only be successful if it is integrated into the urban planning process [13,20]. As the need to increase the sustainability of the built environment is widely acknowledged, there is a clear need to rethink and implement new urban planning procedures in order to meet these expectations. A better understanding of and interactions between urban planning and energy issues are useful, not only for the planners themselves but also for the private sector, local communities and citizens who may take appropriate decisions and receive benefits from related economic and social added values [42].



The economic value could come from the increased economic activity and employment, while the social value could come from the improved social conditions within different communities of a city. Sharing responsibility makes the communities involved (Local energy communities).



Alhamwi et al. [21] and Manfren et al. [48] argue that the most innovative and advanced planning practices include communication strategies and actions for activating the participation of all urban actors. Supporting tools for visualizing urban phenomena and simulating future trends will play an increasing role in the coming years. The use of these tools supports inclusion and participation, because it allows the sharing of goals, shows the advantages of decisions, finds which actors will be involved in the processes, enables community participation (by the creation of local energy cooperatives), influences behaviour and increases overall awareness.



The energy sector produces economic benefits and attracts investments. In the transition from a centralized energy system to a distributed one, local economic opportunities increase. Energy potential maps are a useful tool to increase investment in clean energy and energy efficiency, providing the geospatially quantified information required to guide urban transformation processes. An energy potential map can also influence investor choices, attract external financing and demonstrate potential economic income, increasing the attractiveness and competitiveness of the city. The renewable energy sector is an expanding market, which rewards the most virtuous cities, communities and companies. In the long term, a city’s ability to deal with climate change and offer high-quality, healthy environments will depend on its capacity to understand these complex phenomena. Supporting tools can represent a winning means to face new urban challenges and boost sustainable development.



The opportunity of applying innovative methodologies (and the tools that facilitate these) does not necessarily result in immediate concrete application of the opportunities identified. One of the problems that cause this is a lack of availability of required and suitable data. Using appropriate energy data in the planning process (both spatial and energy related) allows for a more effective analysis, as well as more effective interventions and strategies. Collecting data issues can be divided into two main categories: technical issues and socio-economic issues. Research on open data maturity in Europe (EU28+) [5] shows that countries completed over 55% of their open data journey with the development of basic open data policies and open data portal. Even if suitable datasets exist, the development of supporting tools is complicated. For this reason, the development of an incremental tool, like PLANHEAT, applicable in every context and based on public open data, permits a quick start and increases the usability.



From an open data perspective, the strategy should be the creation of open data policies, the increase of policy quality, and the setup of standards and licenses for the publication, all of which will in turn improve the availability of suitable energy data. Sometimes, a lack of standardization is related to a desire to facilitate data publication from data owners. Setting up standards would require a bigger effort from them, which might also translate to higher related costs. However, standardization is crucial for making the interoperability of datasets possible and increasing their use (or re-use) by local authorities.



Energy issues and spatial planning are tightly connected. For this reason, facilitating the vertical and horizontal coordination between urban and energy stakeholders is very important, in order to provide energy demand and supply data, to invest in integrated projects and to actively participate in the energy transition [42].
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Figure 1. ‘City’ (top-down or disaggregation) and ‘District’ (bottom-up or aggregation) methods, as used in PLANHEAT [14]. 
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Table 1. List of Projects Focused on Energy Potential Mapping Development.
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	Project Name
	Reference
	Start
	End
	Category
	Result and Usability
	Spatial Scale(s)
	Types of (Geo) Data Used





	PLANHEAT
	[16,22,23,25]
	2016
	2019
	EU project
	open source plug-in Qgis
	city/district
	open databases for most maps



	STRATEGO
	[26,27]
	2014
	2016
	EU project
	open web-based GIS map
	city/country
	open databases



	Scotland Heat Map
	[28]
	2014
	ongoing
	Institutional project
	open web-based GIS map
	region
	databases updated by local authorities



	Amsterdam Energy Atlas
	[29]
	2013
	2015
	EU project
	open maps
	city
	datasets provided by local authorities and private sector



	MUSIC iGUESS
	[30]
	2009
	2014
	EU project
	open maps
	city
	datasets provided by local authorities and private sector



	NL 3D heat maps
	[31,32]
	2009
	2011
	Institutional research
	methodology–open map
	city/country
	new datasets production (data estimation)–Data provided by private sector and public bodies



	London Heat Map
	[33,34]
	2009
	2019 upgraded
	Institutional project
	open web-based GIS map
	city
	data provided by the 23 London Boroughs–Dataset production



	POP Groningen
	[19,35]
	2006
	/
	Institutional project
	methodology–open maps
	province
	public open base map and new datasets production (data estimation)



	PlanVision
	[11,36,37]
	2009
	2011
	Academic project
	methodology–Energy Zone Maps
	city
	datasets production (survey and public data collection)



	PlanETer
	[38]
	2013
	2015
	Institutional project
	open web-based GIS map
	city
	datasets production (private and public data collection)



	ESTMAP3
	[39]
	2015
	2016
	EU project
	open web-based GIS map
	region/country
	open databases



	Elas calculator
	[11]
	2009
	2011
	Academic project
	open web-based tool (calculator)
	city
	Data provided by local authorities in the calculator tool
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Table 2. Input data requirement comparison of the DMM calculation methods [22].
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	Method:
	ID Building
	Centroid
	Age
	Use
	Total Height
	Gross Floor Area
	Number of Floors
	Roof Area
	Facade Area
	Volume
	Protection Degree





	Complete
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y



	Simplified
	Y
	Y
	N
	N
	N
	Y
	N
	N
	N
	N
	N
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Table 3. Geospatial indicators and technical variables used for residual heat potential from WWTPs.
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Variable [Unit]

	
Data Specification

	
Default Maps






	
Sewage treatment plant locations

	
-

	
https://www.eea.europa.eu/data-and-maps/data/waterbase-uwwtd-urban-waste-water-treatment-directive-5




	
Sewage treatment plant, number of p.e. treated annually [p.e./yr]

	
(1) uwwLoadEnteringUWWTP: Number of person equivalents treated (note: actual use, not capacity).

	
https://www.eea.europa.eu/data-and-maps/data/waterbase-uwwtd-urban-waste-water-treatment-directive-5




	
(2) If not available, use the national average uwwCapacity (based on known uwwCapacity and uwwLoadEnteringUWWTP in the UWWTP database)




	
Effluent of waste water treatment plants

	
Flow of the effluent of the waste water treatment plant

	
http://www.eea.europa.eu/themes/water/water-pollution/uwwtd/interactive-maps/urban-waste-water-treatment-maps-1




	
Sewage network temperature [°C]

	
Monthly average effluent temperature (12 values per year).

	
User required




	
Max cooling temperature [°C]

	
User specified, 2 °C will be the maximum realistic delta T.

	
2




	
Heat capacity [J/kg/K]

	
Heat capacity of sewage

	
4.2




	
Person equivalent [l/day]

	
EEA figure applicable to all of Europe, user may specify a more precise national or local figure

	
200
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